ABSTRACT: The bass groper Polyprion americanus is a large demersal teleost (>1.5 m) that inhabits deep continental and oceanic island slopes (50 to 1000 m). Currently, this species is considered Critically Endangered by the IUCN and there is a moratorium on its capture in Brazil. Fishing for this species is no longer commercially viable in Bermuda and they are fully protected in South Africa. In most other locations, this species is rarely encountered and knowledge of its biology and catch history is limited. In the present study, specimens were collected from recreational and commercial catches (n = 151) in the southeastern Indian Ocean from 2005 to 2012. Otolith edge analysis was used to verify that a single opaque zone was deposited annually from May to September. A maximum age of 78 yr for females and 55 yr for males was determined from thin transverse sections of otoliths. The spawning period of this gonochorist was from autumn to early winter (March to June) and partitioned prior to that of the sympatric congener P. oxygeneios (June to September). The lengths and ages at which 50% of females and males matured were 944 and 808 mm total length, and 14.4 and 11.2 yr, respectively. The exceptional longevity, slow growth and late maturation of P. americanus imply a high inherent vulnerability at relatively low levels of exploitation. As such, the overexploitation of P. americanus in both Brazil and Bermuda should warrant close scrutiny in the waters off southwestern Australia, where exploitation of deepwater fisheries resources has increased. KEY WORDS: Life history · Age · Thin otolith sections · Natural mortality · Spawning period · Deepwater · Reproduction · Continental slope · Indian Ocean
INTRODUCTION
The bass groper Polyprion americanus (Bloch & Schneider, 1801) , is a large and conspicuous demersal teleost potentially reaching 2 m in length and a mass of 100 kg (Roberts 1989) . Also called wreckfish and stone bass, P. americanus is a marine, bathydemersal and oceanodromous species that exhibits an anti-tropical distribution with a widespread but discontinuous range (Ball et al. 2000 , Paulin et al. 2001 . It inhabits continental slopes, oceanic islands and seamounts at depths of 50 to 1000 m (Sedberry et al. 1999 , Peres & Klippel 2003 . In the eastern North Atlantic Ocean, P. americanus ranges from Norway to northwestern Africa, including the Mediterranean Sea, Canary Islands, Madeira and Cape Verde. This species also inhabits the mid-Atlantic ridge and associated islands (e.g. Azores), and the western North Atlantic Ocean from the Grand Banks, Newfoundland, Canada to the Florida Straits and Bermuda, USA (Sedberry et al. 1999 , Sedberry 2002 , Sadovy 2003 . In the southern hemisphere, this species is known from South America (i.e. Uruguay, Argentina and Brazil), New Zealand and Australia (Pacific and Indian Oceans), including Tristan da Cunha in the South Atlantic Ocean and the St. Paul and Amsterdam Islands in the western Indian Ocean (Sadovy 2003) . Ball et al. (2000) reported a wide genetic separation among Polyprion americanus samples from Brazil and the South Pacific (i.e. eastern Australia and New Zealand) similar to the level of genetic separation between P. americanus and P. oxygeneios, suggesting possible cryptic speciation and the likely existence of a third species of Polyprion. Their study concluded that further clarification of Polyprion sys tematics was required. Earlier, Roberts (1986) revised the systematics of Polyprion and attributed P. moeone as a synonym of P. americanus. However, Paxton et al. (1989) reported P. moeone and P. oxygeneios as the only valid species occurring in Australia and New Zealand. More recently, Hoese et al. (2006) and Gomon et al. (2008) have reported P. americanus and P. oxygeneios as the only valid species occurring in Australia and New Zealand, with P. moeone attributed as a synonym of P. americanus. Nonetheless, a number of recent studies have revealed cryptic speciation among several taxa, e.g. Etelis carbunculus spp. complex (reported in Andrews et al. 2011 ) and the Scarus ghobban spp. complex (Choat et al. 2012) . Given the ongoing development of genetic sequencing, further examination may redefine Polyprion systematics. As such, while we report here on P. americanus, we note that the Australian and New Zealand populations may comprise a separate and distinct species.
Juvenile Polyprion americanus are pelagic until ap proximately 650 mm total length (L T ) and are often found associated with drifting floating objects (Sedberry et al. 1996 , Paulin et al. 2001 , Machias et al. 2003 . Adults occur in offshore waters around struc ture and epibenthic habitats to depths of 1000 m, where temperatures range from about 6 to 16ºC (Sedberry et al. 1999) . The extended juvenile pelagic stage and the possible movement of adult fish (Sedberry et al. 1996 (Sedberry et al. , 1999 are both considered mechanisms that potentially contribute to gene flow and thus underpin the genetic similarity among northern hemisphere populations (i.e. eastern North Atlantic, western North Atlantic, Mediterranean Sea) of P. americanus (Ball et al. 2000) . However, despite the long juvenile pelagic stage there is no evidence of any gene flow or mixing between northern and southern hemisphere populations (Ball et al. 2000) and P. americanus is absent from tropical waters (Sedberry 2002) . Despite pan-oceanic connectivity in the northern hemisphere, P. americanus populations in the southern hemisphere between Brazil and the South Pacific are significantly different based on microsatellite genetic markers (Ball et al. 2000) .
The age-based life history traits of Polyprion americanus have been investigated in the western North Atlantic (Sedberry et al. 1999 , Vaughan et al. 2001 and western South Atlantic (Peres & Haimovici 2004) . Otolith-based age estimates of P. americanus obtained from the western South Atlantic yielded maximum observed ages of 76 yr for males and 62 yr for females (Peres & Haimovici 2004) . This exceptional longevity and related life history attributes suggest that P. americanus is highly vulnerable to fishing exploitation (Sedberry et al. 1999 , Koslow et al. 2000 , Sadovy 2003 , Cornish 2004 Perez et al. 2009 ). In addition, Sedberry et al. (1999 and Sedberry (2002) reported that the harvest of P. americanus was considered no longer commercially viable in Ber muda. In most other locations throughout its wide distribution, this species is rarely encountered, knowledge of its biology is limited and there is uncertainty surrounding the potential for undiscovered stocks in deep or remote waters. Subsequently, most populations have been accorded a Data Deficient status by the IUCN (Sadovy 2003) .
In southwestern Australian waters, Polyprion am eri canus is a commercially and recreationally targeted species. Although it comprises only a small proportion of the commercial catch of demersal finfish in the region (with a total catch of ~3 t in the 2009− 2010 fishing season), this species is a valuable target of recreational fishers due to its large size and iconic status (Department of Fisheries 2011). Recent stock assessments of inshore demersal fish species raised concerns of overfishing in the metropolitan waters of Perth (~31° to 33°S) (Wise et al. 2007) , and highlighted the potential for shifts in effort to deeper, offshore waters (> 200 m). Significant changes to management were introduced to reduce catches of inshore demersal species by all sectors to 50% of those of the 2005−2006 fishing season. This included the closure of the in shore Metropolitan Area (< 250 m) to commercial line, long-line and demersal gillnet fishing (Wise et al. 2007) .
Currently, there is limited information available on the biology of Polyprion americanus from either Australian or New Zealand waters. As such, this study is the first investigation of the length and age composi-tions, growth, longevity, natural mortality and reproduction of P. americanus in Australia. We sought to obtain quantitative data relating to these life history parameters to satisfy base level information requirements for fisheries management of this species in Western Australia. More specifically, we aimed to (1) determine the frequency of growth zone deposition in otoliths of P. americanus using otolith edge analysis to facilitate age estimates; (2) describe the length and age compositions of samples derived from fishing and determine growth rates; (3) confirm that the reproductive mode is gonochoristic in accordance with previous studies (e.g. Roberts 1989); (4) determine the timing of the annual spawning period; and (5) estimate the lengths and ages at which females and males attain sexual maturity. In addition, we reviewed and compared the results obtained from this study with available information relating to these life history characteristics for all Polyprion species.
MATERIALS AND METHODS

Sampling
Samples (n = 151) of Polyprion americanus were obtained from catches taken by commercial and recreational fishers using lines (i.e. drop lines, and rod and reel) from 2005 to 2012 from the west (n = 137) and south coast (n = 14) management regions of Western Australia (Fig. 1) . The L T for each P. americanus was measured to the nearest 1 mm and when possible the whole weight (W W ) of each fresh specimen was measured to the nearest 1 g. An allometric relationship between L T and W W for females and males combined was derived, such that
Data were log transformed and fitted with a linear regression equation using least squares (Quinn & Deriso 1999) . The equation was used to estimate the weights of P. americanus that could not be sampled whole. If gonads were present after frames were donated from fishers, gonadal weight (W G ) was measured to the nearest 0.01 g, and the individual was sexed and assigned a macroscopic stage of maturation (see below). The sagittae of each P. americanus were removed, cleaned and stored dry.
Age, growth and natural mortality
The right sagitta of each fish was embedded in epoxy resin and sectioned transversely through its primordium in a direction perpendicular to the sulcus acusticus, using a low speed saw with a diamond tipped blade (Newman 2002 , Wakefield & Newman 2008 . Otolith sections were cut thin (i.e. between 0.11 and 0.15 mm, Peres & Haimovici 2004) , and then polished against 2000-grade wet and dry emery paper on a flat surface under tap water to improve growth zone clarity. Sections were mounted on glass slides with a cover slip using casting resin. Otolith sections were viewed under reflected light through a compound microscope fitted with a dark field filter to enhance contrast at 40 to 100× magnification. On each otolith section, counts of opaque zones were obtained primarily along an axis from the primordium to the crista superior (dorsal rim of sulcus acusticus). These counts were performed without any knowledge of the size of the fish from which the otoliths were from.
Otolith edge analysis was used to determine the periodicity of growth zone formation and to confirm that a single opaque zone is deposited annually (Sedberry et al. 1999 , Peres & Haimovici 2004 . The margin of each otolith section was categorised as either Fig. 1 . Polyprion americanus. Areas from which samples were obtained from catches taken by commercial and recreational fishers in southwestern Australia. Sample sizes (n) are shown for the west (south of 27°S) and south (east of 115°30' E) coast management regions in Western Australia (WA). The typical depth range of this species is from 100 to 1000 m thin translucent (i.e. < 50% width of preceding translucent zone), wide translucent (i.e. > 50% width of preceding translucent zone) or opaque (see Newman & Dunk 2003 , Wakefield et al. 2010 . The percentage occurrences of the different otolith margin categories for each calendar month were used to determine the timing of opaque and translucent zone deposition in otoliths.
A large proportion of the otolith sections (93%, n = 129) were examined independently by 2 readers (C.B.W. and S.J.N.). The precision of opaque zone counts between readers was compared using the Index Average Percent Error (IAPE, Beamish & Fournier 1981) . The age of each Polyprion americanus was estimated using a combination of the birth date, the time of year when the opaque zones on the otoliths of the majority of P. americanus become delineated, and the number of opaque zones. The birth date of P. americanus was considered to be relative to the commencement of the spawning period (i.e. 1 March) as determined from the annual trends in gonadosomatic indices and macroscopically staged gonads. The growth characteristics of female and male P. americanus were described using the von Bertalanffy growth equation fitted to age and length data, such that
, where L t is the predicted mean total length (mm) of fish at age t (yr), L ∞ is the asymptotic mean length (mm), k is the the growth coefficient, a constant that determines the rate at which L t approaches L ∞ (yr −1 ), t is the estimated age (yr), and t 0 is the hypothetical age (yr) at which fish would have zero length. The growth of females and males were compared using a likelihood-ratio test (Cerrato 1990) .
The instantaneous rate of natural mortality (M ) was derived using the maximum age of females and males within the general regression equation of Hoenig (1983) for fish mortality: i.e. log e Z = 1.46 − 1.01 log e t max , where Z is the total mortality rate and t max is the maximum age (yr). The Hoenig (1983) equation has been found to provide a reasonable approximation of M for demersal teleosts (Hart & Russ 1996 , Newman et al. 1996 .
Reproduction
During dissection all gonads were assigned a maturation stage from macroscopic examination based on Wakefield et al. (2010) . These stages included: Stage I: immature/resting; Stage II: developing; Stage III: developed; Stage IV: ripe/spawning; and Stage V: spent. Subsamples of freshly dissected ovaries (n = 7) and testes (n = 5) were preserved in pH neutral 10% buffered formalin to examine maturity stages using histology and confirm that the reproductive mode of this species is gonochoristic (Roberts 1989 , Peres & Klippel 2003 . Medial transverse sections of the preserved gonads were embedded in paraffin wax, sectioned at 5 µm, mounted on slides and stained with Mayer's haematoxylin and eosin. Gonadosomatic indices (GSI) were calculated for females and males using the equation GSI = 100(W G ͞W W ). The spawning period of Polyprion ameri canus was assessed using annual trends in GSI and macroscopic staging of gonad maturation.
The lengths at which Polyprion americanus reached maturity were determined using data from the months when fish contained developing, developed or spent gonads (i.e. Stages II to V). The lengths at which 50% of female and male P. americanus each attained sexual maturity (L 50 ) were determined using a reparameterised form of the logistic equation (e.g. Punt & Kennedy 1997 , Wakefield et al. 2007 , to describe the relationship between length and the probability that a fish during the spawning period possessed maturing or mature gonad stages (Stages II to V). It was assumed that during the spawning period, fish with gonads at these stages had the potential to spawn, were spawning or had recently spawned and that fish with gonads at Stage I remained immature. The reparameterised logistic equation used was:
where P L is the proportion of mature P. americanus at a particular total length L T , and the L 50 and L 95 are the estimated total lengths at which 50 and 95% of female and male P. americanus attained sexual maturity. This logistic equation was fitted by maximising the sum of the log-likelihoods such that, on the basis of its L T , an immature (Stage I) fish would have a likelihood of P L and a mature (Stages II to V) fish a likelihood of 1 − P L . Values of the L 50 and L 95 and their 95% confidence intervals (CI) were determined by bootstrapping, with replacement, from each data set to generate 2000 estimates of the parameters of the logistic equation. The parameters and 95% CI for the reparameterised logistic equation were calculated as the median, upper and lower 2.5 percentiles of the 2000 bootstrap estimates of each length class. Estimates of the age at which 50% of female and male P. americanus matured were calculated for each sex separately by using the L 50 values within the von Bertalanffy growth equations.
RESULTS
Length-weight relationship
In total, 151 Polyprion americanus were collected, which included 60 females, 60 males and 31 individuals for which sex could not be determined due to missing gonads upon receipt from fishers. Whole weights were obtained for 35 individuals, providing an estimated length-weight relationship, for both sexes combined, of W W = 0.00007819 L T 2.8028 (r 2 = 0.89, range = 638 to 1452 mm L t ). The smallest female P. americanus sampled was 776 mm and 8.1 kg and the smallest male was 563 mm and 4.0 kg. The longest female sampled was 1452 mm and weighed 51.9 kg and the heaviest female weighed 55.2 kg and measured 1415 mm. The largest male (in both length and weight) was 1342 mm and 53.7 kg.
Otolith growth zone formation and ageing precision
Otolith sections of Polyprion americanus with wide translucent outer margins (i.e. > 50% of the width of the preceding translucent zone) were recorded exclusively from January to April (Fig. 2) . Individuals with an opaque outer margin on their otoliths were first recorded in May, and continued to be present in some individuals through to September (Fig. 2) . Newly delineated opaque zones were evident following the deposition of a thin translucent zone (i.e. < 50% of the width of the preceding translucent zone) at the outer margin. Otoliths with a thin translucent zone on the outer margin were recorded in October and December, and thus in the 3 mo following the period when otoliths possessed an opaque outer margin (Fig. 2) . The annual trend exhibited in the classification of the outer margin of otoliths of P. americanus, over the full range of opaque zone counts, demonstrated that a single opaque zone is deposited each year from late autumn to early spring (i.e. May to September). Therefore, counts of opaque zones from transverse sections of the sagittal otoliths were used in calculating the age of P. americanus from southwestern Australia.
The precision of opaque zone counts from thin transverse sections of otoliths between the two readers was high with an IAPE of 3.72% (n = 129, age range 5 to 77 yr). Opaque zone counts by the secondary reader concurred with or differed by 1 for 55% of the counts made by the primary reader. Most counts differed by < 4 rings (88%) and no counts differed by > 7 rings. Counts from these sections were reexamined by both readers to reach a consensus that was used in subsequent analyses. The 2 readers' counts were identical for the otolith section with the highest number of opaque zones (i.e. 77). In general, the readability of most otolith sections was good, with the high level of precision among independent readings indicating that both readers interpreted the otoliths of Polyprion americanus in a similar manner.
Length and age compositions, growth and natural mortality
The L T of female Polyprion americanus ranged from 764 to 1452 mm with a general unimodal distribution at the 1100 to 1149 mm length class (Fig. 3) . In comparison, L T values of male P. americanus were smaller with a range of 563 to 1342 mm and a general unimodal distribution at the 950 to 999 mm length class (Fig. 3 ). These differences in length composition be tween females and males were not reflected in their age compositions. Both female and male P. americanus had a similar range in ages, i.e. 9.3 to 53.8 yr for females and 5.7 to 54.7 yr for males, with the exception of 2 old females of 63.3 and 77.7 yr (Fig. 3) . The greater difference in length compositions be tween sexes, when compared to age compositions, likely reflects differences in growth. The von Bertalanffy growth curves fitted to length-at-age data (be tween 10 and 55 yr) differed significantly Fig. 4 ). This was also reflected in a larger estimated asymptotic mean length (L ∞ ) from the von Bertalanffy growth equations of 1259 mm for females compared to 1113 mm for males (Table 1) . P. americanus reached a large size at a relatively young age. This was reflected by the estimated weights at 5 and 10 yr of age being 2.8 and 10.0 kg respectively for females, and 3.6 and 9.6 kg for males. The estimated M derived from Hoenig's (1983) equation and based on the maximum age of females and males was 0.05 and 0.08 yr
, respectively.
Spawning mode, spawning period and sexual maturity
The overall sex ratio of Polyprion americanus samples collected in this study was essentially parity. Visual inspection of the external morphology and body colouration of each P. americanus provided no evidence of sexual dimorphism or dichromatism. The macroscopic appearance of P. americanus ovaries and testes consisted of a distinct central lumen and much narrower testicular sperm duct, respectively. Wakefield et al. (2010) . L ∞ : asymptotic mean length; k: growth coefficient; t 0 : age at zero length; Z: total mortality; M: natural mortality; F: fishing mortality
Ovaries were distinctly pink to orange and the testes white. Conspicuous blood vessels were present in ovary walls and the large oocytes were obvious in developing, developed and spent ovaries. These macro scopic characteristics allowed for confident distinction between sexes. In addition, histological exa mination of a subset of gonads revealed no evidence of transitional reproductive tissue, no remnant bisexual characteristics (e.g. lumen in testes), a well differentiated sperm duct (as opposed to a sperm sinus) and only ever testicular or ovarian tissue present in one gonad. Based on these criteria and in accordance with other studies (Roberts 1989 , Peres & Klippel 2003 , the reproductive mode of P. americanus was confirmed to be gonochoristic. In January, the GSI and maturation stages of gonads of female and male Polyprion americanus were relatively low (< 3 for females and <1 for males) and were all immature/resting (Stage I, Fig. 5 ). Developing gonads were first present in some females and males in February, which was evident from an enlarging of the relative size and firmness of gonads, an increase in oocyte size in ovaries and more apparent white form for the testes (consistent with Stage II, see Wakefield et al. 2010 ), along with a higher GSI for some individuals (Fig. 5) . Individuals possessing developing gonads were observed in female P. americanus until May and in males until March. Developed (Stage III) and spawning gonads (Stage IV) were recorded for female and male P. americanus from March to June. Individuals with gonads at this stage generally had the highest values of GSI, i.e. >10% and > 4% of body weight for (Fig. 5) . Hence, the spawning period of P. americanus off southwestern Australia occurs during the austral autumn to early winter, i.e. from March to June. The smallest mature (i.e. possessing Stage II to V gonads) female and male Polyprion americanus sampled were 930 and 825 mm L T , respectively. During the spawning period, the prevalence of mature females increased from 0% in the 800 to 900 mm length class to 75% in the 900 to 1000 mm length class and to 83% in the 1000 to 1100 mm length class (Fig. 6 ). All females >1100 mm L T (n = 20) sampled during the spawning period were recorded as mature, with one exception. In comparison, all males < 800 mm L T sampled during the spawning period were immature/resting (Stage I). The prevalence of mature males increased to 80% in the 800 to 900 mm length class, with all males (n = 24) > 900 mm L T recorded as mature (Fig. 6) . The maturation of females at a larger size than males was reflected in values for L 50 , i.e. 944 (684 to 1038 mm 95% CI) versus 808 mm (892 to 1461 mm 95% CI, Fig. 6 ). The estimated ages at which 50% of female and male P. americanus reach sexual maturity were calculated using L 50 values in the respective inverse von Bertalanffy growth equations to be 14.4 and 11.2 yr, respectively.
DISCUSSION
This is the first study of the life history characteristics of Polyprion americanus in Australian waters. Sample sizes of P. americanus were only available in small numbers when compared to those of other teleosts that were sampled from the same commercial and recreational catches (e.g. Wakefield et al. 2010 Wakefield et al. , 2013 . It is uncertain whether this lower relative abundance in catches reflects the natural abundance of this species on the continental slope off southwestern Australia, or that higher abundances of this species occur at greater depths than were fished during the period of collection for this study. The depths at which P. americanus were sampled ranged from 250 to 600 m, although depths of capture were not always included in the catch information provided by fishers. Nonetheless, sufficient quantities were obtained from most months, including those when this species spawns, and over a wide length and age range, to elucidate life history characteristics relating to age, growth, natural mortality and reproduction. The results of this study, along with related studies of the life history traits of P. americanus and Polyprion species in general (Tables 1 & 2) , allow us to characterise the likely population parameters in this data-limited group and thus also construct a risk profile for this species.
Size-, age-and growth-based life history traits
The length range of Polyprion americanus sampled in this study (560 to 1450 mm L T ) was very similar to those described from the western North Atlantic (750 to 1460 mm, Sedberry et al. 1999 ) and western South Atlantic Oceans (440 to 1560 mm, Peres & Haimovici 2004) . In each study, the smallest individual sampled most likely reflects the length at which this species settles from pelagic habitats as a juvenile to demersal habitats as an adult (Machias et al. 2003) , rather than selectivity associated with the various fishing gears used among studies. An extended pelagic juvenile life history strategy appears consistent among Polyprion species (Roberts 1996) , with the pelagic juveniles attaining up to ~650 mm L T for P. americanus (Machias et al. 2003 ) and 670 mm L T and 4 yr of age for P. oxygeneios (Roberts 1996 , Francis et al. 1999 ). This extended juvenile phase and their affinity with drifting floating objects during this period has been suggested as one potential mechanism for pan oceanic mixing among populations, in addition to adult migration (Massuti et al. 1999 , Riera et al. 1999 , Ball et al. 2000 . Ageing precision error of Polyprion americanus based on counts of opaque zones from thin otolith transverse sections was 3.72% and thus within accept able bounds (i.e. IAPE < 5.5%, Campana 2001). This ageing precision error was also within previous estimates for long-lived deepwater teleosts from the same continental slope locations in southwestern Australia, i.e. 1.95 and 4.89% (Wakefield et al. 2010 (Wakefield et al. , 2013 ). All age-based studies of P. americanus and the congeneric P. oxygeneios have found that a single opaque and successive translucent zone is de posited annually in their sagittal otoliths, and that counts of these alternating growth zones can be used to derive age estimates (i.e. Francis et al. 1999 , Sedberry et al. 1999 , Peres & Haimovici 2004 , Wakefield et al. 2010 ). The present study found such opaque zones were deposited in the otoliths of P. americanus predominantly through the austral winter (i.e. from May to September). This growth zone periodicity was similar to the congeneric P. oxygeneios from New Zealand (Francis et al. 1999) and Western Australia (June to October, Wakefield et al. 2010) . It does however differ from that reported for P. amercianus from the western South Atlantic (November to February, Peres & Haimovici 2004) .
The longevity of Polyprion americanus was found to differ among locations, with estimates in the southern hemisphere of 76 yr from the western South Atlantic Ocean (Peres & Haimovici 2004) and 78 yr from the southeastern Indian Ocean (this study), almost double that recorded from the northern hemisphere (39 yr in North Atlantic, Sedberry et al. 1999 , Vaughan et al. 2001 . The lifespan determined from this study was also greater than those of the congeneric P. oxygeneios from New Zealand (63 yr, Francis et al. 1999) and Western Australia (52 yr, Table 1 , Wakefield et al. 2010) . However, the heaviest P. americanus sampled in this study (54 kg) was half that recorded for this species from New Zealand (107 kg, Roberts 1986 ). Larger specimens were observed by the authors at commercial fish markets, but were not available for sampling. Thus, P. americanus may live to more than 78 yr in southwestern Australian waters.
The growth of Polyprion americanus differed between sexes, with females attaining a larger lengthat-age than males at ages >10 yr. Females of this species also grew larger than males from the western South Atlantic Ocean ( Table 2 . Polyprion spp. Comparison of the spawning period, length and age at maturity and reproductive mode. Sex: Comb. = both sexes combined. Maturity: L T = total length, L 50 = length at 50% maturity, A 50 = age at 50% maturity, vB = estimated age at 50% maturity calculated using L 50 in the von Bertalanffy growth equation P. americanus between these 2 populations in the southern hemisphere (i.e. Brazil and southwest Australia) were very similar (Fig. 7 , Peres & Hai mo vici 2004) ; and, although the shape of the von Bertalanffy growth curves for females be tween these studies differed, their asymptotic mean lengths (L ∞ ) were similar (1119 vs. 1095 mm, see Table 1 ). However, in the western North Atlantic Ocean this species attained much larger predicted lengths than both southern hemisphere populations at the same ages (Fig. 7 , Sedberry et al. 1999) . Interestingly, the greatest genetic separation among populations within the large global distribution of P. americanus is the division at the equator (Sedberry et al. 1996 , Ball et al. 2000 . To date, P. americanus stocks within the North Atlantic are considered es sen ti ally a single population and genetically distinct from those in the southern hemisphere. The systematics and connectivity of this species within their circumglobal distribution in the southern hemisphere is still uncertain and awaiting further investigation following the inclusion of Indian Ocean samples (Ball et al. 2000) . The predicted mean growth of P. americanus in southwestern Australia in creased rapidly during early post settlement up to maturation. This was evident by females and males of this species, on average, reaching 80% of their estimated L T at their maximum age by 18 and 14 yr, respectively. The mean increase in length for both females and males after these ages was slow at less than 20 mm yr -1 .
Reproduction
The spawning period for Polyprion americanus from southwestern Australia was autumn to early winter (March to June). This spawning period was clearly partitioned earlier than that of the sympatric congener P. oxygeneios from essentially the same locations (June to September, Wakefield et al. 2010) . As both species of Polyprion are thought to form spawning aggregations (Beentjes & Francis 1999 , Cornish & Peres 2003 , it is likely that such partitioning would result in reduced competition for resources between aggregated spawning adults and also of their early stage progeny. Unfortunately, the resolution of spatial information collected from catches of adults during the spawning period during this study was insufficient to determine spawning locations or relative abundances. The spawning seasonality of P. americanus in Australia appears consistent with results from other regions: spawning occurs during the austral winter to spring in the western South Atlantic (July to October, Peres & Klippel 2003) and the boreal winter to spring in the western North Atlantic (November to May, Table 2 , Sedberry et al. 2006 ). This similarity is surprising considering competition from P. oxygeneios would be present in the southern but not the northern Atlantic. However, this could result from P. americanus being more abundant and thus likely outcompeting P. oxygeneios in the western South Atlantic Ocean, based on abundances from commercial catches in Brazil (e.g. Barreiros et al. 2004) . This contrasts the situation in southwestern Australia, where P. oxygeneios is more abundant than P. americanus in commercial catches and occupies the more typical spawning season expressed by Polyprion species, i.e. from winter to spring (Wakefield et al. 2010) .
The lengths at which 50% of female and male P. americanus matured in southwestern Australia were substantially greater than those estimated for this species in the western South Atlantic (see Table 2 ). These differences were also reflected in higher estimates of the ages at which 50% of P. americanus matured off southwestern Australia (11 to 14 yr) compared to both the western North Atlantic (8 to 10 yr) and western South Atlantic Oceans (9 to 10 yr, Table 2 , Sedberry et al. 1999 , Peres & Klippel 2003 . The ages at which 50% of P. americanus matured in southwestern Australia were greater than those estimated for P. oxygeneios from the same area (7 yr, Wakefield et al. 2010) , and for most demersal teleosts from continental shelf waters along this coastline (4 to 7 yr, e.g. Hesp et al. 2002 , Wakefield 2006 (Sedberry et al. 1999) ; (ii) females, southeastern Indian Ocean (present study); (iii) females, western South Atlantic Ocean (Peres & Haimovici 2004) ; (iv) males, southeastern Indian Ocean; (v) males, western South Atlantic Ocean. Note, data is shown only for studies where the growth function parameter t 0 (i.e. the hypothetical age at which fish would have zero length) did not vary from zero by > 7 yr (see Table 1) late maturation of P. americanus was however not exceptional, as some demersal teleosts from this coastline are known to mature at older ages (>14 yr, Coulson et al. 2009 Coulson et al. , 2012 .
Management implications
The deepwater Polyprion americanus is long-lived, slow growing, late maturing and is likely to form spawning aggregations. These life history characteristics typically infer that this species exhibits a high inherent vulnerability to fishing exploitation. The long life span and estimated low natural mortality rate of this species (0.05 to 0.08 yr −1 , Table 1 , Hoenig 1983) indicate a low production potential and limited capacity for exploitation. Although the current exploitation level of P. americanus in Western Australia is uncertain, even low levels of fishing effort may result in the reduction of significant levels of spawning biomass of this species.
The high inherent vulnerability of Polyprion americnaus has been demonstrated from fishing exploitation in Brazil, where this subpopulation is now considered Critically Endangered as defined by the IUCN, and a moratorium on their capture has been in place since 2005 (Cornish & Peres 2003 , Perez et al. 2009 ). Furthermore, harvest of P. americanus is no longer commercially viable in Bermuda following depletion from overfishing (Sedberry et al. 1999 , Sedberry 2002 . Similar to the Brazilian subpopulation, governance of the exploitation of P. americanus in South Africa is also highly conservative, with this species being fully protected following suspected declines in catches in recent years (Heemstra & Heemstra 2004) .
The retention of Polyprion americanus from fishing is currently permitted in Western Australia (WA). The state-managed commercial fisheries for the offshore demersal teleost resources on the west coast of WA are controlled by limited access. In addition, there has been a nominal total annual effort allocation of 100 d for the combined fishing fleet since 2009 (Department of Fisheries 2011). This total effort allocation is monitored using a satellite-based vessel monitoring system on all vessels. ). Interestingly, the ratio of the average annual catch of P. americanus between the west and south coasts of Western Australia (8.8:1.0) is very similar to the ratio of samples sizes collected during this study (9.8:1.0).
Considering the depths this species inhabits, traditional management strategies for recreational fishers such as bag, boat and size limits for single species within a multi-species fishery are not likely to be effective, given the likely high rate of mortality associated with barotrauma. Current management arrange ments for recreational fishers in WA set a combined bag limit of 2 fish from a list of high risk demersal species that occupy the continental slope (offshore demersal), for each recreational fishing from boat license. In addition, a closure to fishing for demersal species is in place each year along the west coast of WA from 15 October to 15 December, which was implemented as one of the management responses to historically high levels of exploitation of the demersal shelf species (Wise et al. 2007 ). The period of this demersal closure does not overlap with the spawning period of Polyprion americanus or the congeneric P. oxygeneios, which may be important considering these species are likely to form spawning aggregations.
Polyprion americanus is also harvested by the Commonwealth-managed Western Deepwater Trawl Fishery (WDWTF) and Great Australian Bight Trawl Sector (GABTS), which operate in waters adjacent to, or overlapping the west and south coast statemanaged fisheries, respectively, in depths between 200 m and the boundary of the Australian Fishing Zone (AFZ). Catch statistics from these Commonwealth fisheries are not reported separately for P. americanus (Emery et al. 2009 , Wilson et al. 2010 , and are thus presumably a small component of the catches and likely to be listed under 'total other bony fish' or potentially included within the category 'Hapuku (P. oxygeneios)'. The catches of this latter group appears relatively low, averaging 0.1 t yr & Peres 2003 , Sadovy 2003 . This is not surprising as the WA coast is dominated by the nutrient poor, poleward flowing Leeu win current and receives little inflow from the limited and old weathered riverine systems, resulting in a low productive marine ecosystem and low levels of sustainable catches (Molony et al. 2011) . The annual catches from southwestern Australia however are within the range of those reported from the relatively small fishery in Bermuda, which experienced a rapid decline in catches and subsequent commercial ex tinction. Catches in that fishery dropped from 5.1 t in 1981 to 0.2 t (only 9 fish) in 1996 (and to only 6 fish in 1997) and were associated with the introduction of longlines over historic vertical line fishing (Sedberry et al. 1999 , Sadovy 2003 .
Due to the difficulty in obtaining sufficient samples of Polyprion americanus, data for stock assessments will be limited to using trends in catch and effort statistics as an index of abundance, with a very limited capacity for synthesis with fishing mortality estimates derived from age compositions. This is likely to result in a higher level of uncertainty around the stock status of P. americanus in southwestern Australia. Based on the information presented in this study, and in light of the numerous global examples of the overexploitation of P. americanus, both state and Commonwealth-based fisheries managers may need to reassess current management strategies or consider implementing additional management measures (e.g. spatio-temporal closures during the spawning periods of Polyprion species from March to September) in the offshore waters of southwestern Australia to ensure the sustainability of this vulnerable species. Future assessments of this species would benefit from an improved understanding of the taxonomy of this species group, resolution of the connectivity of southern hemisphere stocks, further investigation of longevity in lightly exploited populations and potential use of bomb radiocarbon techniques to confirm age estimations in Indian Ocean samples. 
